Abstract: Nonconjugated polymers have been synthesized from maleic anhydride, poly(ethylene glycol), and bisphenol-diglycidyl ether without utilizing any solvent. The polymeric thin films produced by the nonconjugated polymers were spin-coated on ITO coated glass and Si substrates. Self-assembly nanoparticles (1.6-6.2 nm) are observed. It is proposed that the nanoparticle is constructed through a self-assembly process with bisphenol-A aggregates and poly(ethylene glycol) moieties. The photoluminescence spectrum of the polymeric thin film on ITO peaks at near 450 nm that spans from 360 to 610 nm under 266 nm excitation. The polymeric thin film exhibits the excitation-wavelength-dependent photoluminescence that the emission peak shifts toward longer wavelength (about 11 nm) when the excitation wavelength increases from 266 to 325 nm, which is attributed to nanoparticle size distribution. Meanwhile, the substrate-dependent photoluminescence has been also observed that the PL peak of the polymeric thin film spin-coated on Si shows a blue shift (about 9 nm) compared with that on ITO, which probably arises from the dielectric screening. The highest occupied molecular orbital energy of the polymeric thin film is about -9.4 eV. The optical band gap is about 3.28 eV. The nonconjugated polymer is expected to use as a host material in optoelectronic applications.
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Introduction
IN the past decades the excitation-wavelength-dependent photoluminescence (EWDP) from fluorescent nanostructures has received considerable interest due to their potential applications in optoelectronics and biology. Examples of these nanostructures are nanocolloids [1] , quantum dots [2] - [4] , nanoparticles [5] - [9] , nanorods [10] , nanowires [11] , and nanomorphotypes [12] . Unusually, the photoluminescence (PL) peak shifts toward the longer wavelengths with increasing excitation wavelength, which is the EWDP phenomenon. Although the origin of the EWDP in nanostructures is still not conclusive, it is generally recognized that the EWDP phenomenon can arise when there exists a distribution of the nanostructures in the ground state that differ from their solvation sites and, hence, their energies. Moreover, this inhomogeneity can originate from the difference in the interaction energies between the medium and the nanostructures [1] . Thus, the EWDP is usually observed as the nanostructures are in suspensions or solutions. Furthermore, it has been suggested that the presence of the inhomogeneous, different excited molecules or nanostructures alone is not enough to exhibit the EWDP behavior. Other requirements are that the species should be excited selectively and there is no energy transfer between the different excited species [1] . On the other hand, it has been proposed that the EWDP behavior may be attributed to selective particle size distribution as a result of inhomogeneous broadening of nanoparticle size distribution, and/or surface modification due to either enhancement photo polymerization or increasing photo oxidation rate via increasing excitation energy [8] . These may be the reasons why the EWDP behavior has been observed from an only few nanostructures. Besides, the PL properties of some nanostructures, such as nanocrystals [13] , nanobelts [14] , and two-dimensional (2D) materials [15] - [25] , are susceptible to their surroundings (pressure, solvents or substrates). Especially, the effect of substrates on PL properties of nanostructures, the substrate-dependent photoluminescence (SDP), has attracted increasingly attention due to their potential applications in electronics and optoelectronics. It has been reported that substrates may affect the PL of nanostructures by strain [14] , [15] , [18] , [22] , [25] , doping [19] - [22] , [24] , defectassisted recombination [21] , or dielectric screening [23] . Although a number of mechanisms have been suggested, there is still no knowledge on which mechanism could be dominant. Specifically, it is not clear how the effect of substrates might depend on the nature of the substrate and the physical features of nanostructures.
To date, it was found that the EWDP behavior from nanostructures existed in thin solid films has been rarely observed. In addition, very few results have been published in nanostructures with both the EWDP and SDP phenomena at the same time, although these phenomena have been respectively observed in different nanostructures. In this study, we report that the polymeric thin film with self-assembly nanoparticles exhibits not only the EWDP but also the SDP, which the EWDP and SDP behavior is simultaneously observed in polymeric nanostructures. Furthermore, the properties of polymeric thin films prepared by the non-conjugated polymer are also investigated. Understanding the PL behaviors of the polymeric thin film on different substrates is important because it can probe the electronic energy levels of the non-conjugated polymer and is useful in developing novel nanomaterials for optoelectronic applications. Thus, the mechanisms responsible for the PL in the polymeric thin film with self-assembly nanoparticles are proposed in this study. The polymeric thin films don't only possess advantages including low-cost, low toxicity, simple preparation and chemical inertness, but also expect to be used for PLED applications.
Experimental Details
The non-conjugated polymer was prepared according to the literature [6] . All chemicals were used as received without further purifications. Maleic anhydride (98.1 mg, 1 mmol) and poly(ethylene glycol) 6000 (3 g, 0.5 mmol) were mixed, heated and stirred under N 2 atmosphere at 90°C for 1.5 h without using any organic solvent. The product was recrystallized twice from ether. Subsequently, the product and bisphenol A diglycidyl ether were mixed and stirred at 160°C for 3 h in N 2 ambient, and then were cooled to room temperature. Finally the brown product, the non-conjugated polymer, was obtained. It is called MA-PEG-BADGE (MPB).
The non-conjugated polymer was dissolved in tetrahydrofuran (THF). The polymeric thin films prepared by a 25 mM solution were spin-coated on ITO coated glass and Si substrates, and then annealed at 80°C in N 2 ambient for 1 h. The thickness of the polymeric thin films was measured by surface profiler (Bruker Dektak XT) and about 27.99 nm. For the elemental analysis of the polymeric thin film, XPS was employed. XPS spectrum was obtained with a monochromatic Al-Kα X-ray source at 1486.6 eV. For the size analysis of self-assembly nanoparticles, TEM images were captured. PL properties were recorded with a FluoroMax-4PL (Horiba Jobin Yvon) spectrometer. UPS measurement was performed using a monochromatic He I radiation (21.2 eV). UV-Vis absorption spectrum was acquired using a UV-Vis spectrophotometer (Perkln Elmer LAMBDA 900). Fig. 1 shows the chemical structure of the non-conjugated polymer. Generally, volatile organic solvents are used in a synthesized processing, which is hazardous and toxic. It is, therefore, receiving increasing attention is the use of alternative reaction media to circumvent the problems associated with many of the traditional volatile organic solvents. Especially, the chemical procedures that involved in the synthesis of nanomaterials and generate a large amount of hazardous byproducts for environmental contaminations are seriously concerned. Hence, there is a need for a good synthesized processing that includes a clean, nontoxic and environment-friendly method of nanoparticle synthesis. The best solvent is no solvent [26] , [27] . The entire synthesis route is economical and environment-friendly, and the traditional drawbacks such as the use of organometallic reagents and other harmful compounds are avoided in this study. Thus, the synthesized processing has satisfied the principles [28] by low toxic products, less hazardous chemical syntheses, utilization of no organic solvent and high yield in this study. Fig. 2 displays XPS spectrum of the polymeric thin film deposited on an ITO coated glass. The XPS survey demonstrates that mainly carbon and oxygen exist in the polymeric thin film. It shows the polymeric thin film is metal-free. Additionally, XPS spectrum of the polymeric thin film deposited on Si is similar to that on an ITO coated glass (not shown in here).
Results and Discussion
The TEM image of self-assembly nanoparticles is demonstrated in Fig. 3 . It illustrates that selfassembly nanoparticles are not uniform with a size distribution ranging between 1.6 to 6.2 nm. The size distribution fitted by a Gaussian curve is also shown in the inset of Fig. 3 , affirming the average size at about 2.8 ± 1.0 nm. Most of the self-assembling processes of organic molecules to form nanostructures are carried out in solution. It is, therefore, proposed that the nanoparticle is constructed through a self-assembly process with bisphenol-A aggregates and poly (ethylene glycol) moieties serving as core and shell compartments, respectively [6] . Moreover, it is also observed that the self-assembly nanoparticles are aggregated but almost not linked, as shown in Fig. 3 . Fig. 4 reveals PL spectra of the polymeric thin film under 266 and 325 nm excitation. The PL peak of the polymeric thin film on ITO is at near 450 nm that spans from 360 to 590 nm at excitation wavelength of 266 nm. The polymeric thin film with self-assembly nanoparticles exhibits the EWDP with emission peaks ranging from 450 to 461 nm at excitation wavelength from 266 to 325 nm. The EWDP behavior is generally explained in terms of selective particle size distribution in nanostructures, advancing of fast ionization process at the short excitation wavelength and solvation process in polar solvent. In this study, the EWDP phenomenon is attributed to the polydispersity of self-assembly nanoparticles, where the PL wavelength is dependent on the size of the selfassembly nanoparticle due to the quantum confinement. Thus, it is proposed that the EWDP is due to self-assembly nanoparticles with a size distribution, which is a nearly continuous size distribution from about 1.6 to 6.2 nm in this study, as shown in Fig. 3 . As the excitation wavelength shifts to short wavelength, small-sized self-assembly nanoparticles (with larger optical band gaps) will have huge contributions to the PL emission. Therefore, the PL emission peak moves to the high-energy direction. Meanwhile, because both big-and small-sized self-assembly nanoparticles contribute to the PL emission, a full width at half maximum (FWHM) of the PL spectrum broadens as the excitation wavelength shifts toward blue direction. In Fig. 4 , the PL spectrum recorded under 266 nm excitation has a FWHM of ∼116 nm, whereas the PL spectrum excited by a 325 nm laser line exhibits a FWHM of ∼100 nm, which is consistent with the above deduction. On the other hand, it has been proposed that the PL intensity enhancement and blue shift of the PL emission peak have been attributed to photo-corrosion process, surface modification, photo-passivated formation, new radiative centers, and photo-enhanced oxygen adsorption under higher energy excitation [8] . Fig. 5 depicts PL spectra of the polymeric thin films spin-coated on ITO glass and Si substrates at excitation wavelength of 325 nm. The PL peak of the polymeric thin film on ITO is at near 463 nm with a FWHM of about 100 nm, whereas the PL peak on Si is at near 454 nm with a FWHM of about 115 nm. The PL spectrum of the polymeric thin film spin-coated on Si shows a blue shift (about 9 nm, 50 meV) and broadening compared with that on ITO. Although the PL of nanostructures is affected by strain [13] - [15] , [18] , [22] , [25] , doping [19] - [22] , [24] , and dielectric screening [23] , the polymeric thin films are annealed at 80°C so that the doping effect on the PL of nanostructures is quite small in this study. Moreover, the lattice constant of ITO and Si is 10.12Å [29] and 5.43Å, respectively. Thus there is less induced strain of the polymeric thin film on ITO than on Si, which is resulted from a relatively small lattice mismatch between the polymeric thin film and ITO. Furthermore, if strain caused by lattice mismatch dominates the PL, a red shift should be observed with increasing strain [13] - [18] . However, it is contrary to our results. On the other hand, Coulomb interactions are strongly coupled with the dielectric properties of the surrounding materials, which is also known as the dielectric screening effect. Therefore, the PL spectrum, which reflect the behaviors of excitons or trions, should be intensively influenced by the screening of the dielectric environment [23] . In this study, it is observed that the wavelength of the peak decreases (blue shift) as the relative dielectric constant of the underlying substrate increases from 3.4 (ITO) [30] to 11.6 (Si) [31] . The shifts may be attributed to the dielectric screening of the Coulomb interactions either between electrons and holes, or between different electrons that can affect the binding energies of excitons [23] . Accordingly, the higher is the dielectric constant of the bottom layer or substrate, the lower is the Coulombic interaction between electrons and holes thus decreasing the exciton binding energy [32] , [33] , so that the energy of the emitted photon increases (blue shift). Hence, if the dielectric screening dominates the PL, a blue shift is expected with increasing the dielectric constant of the surrounding dielectrics since the PL peak energy can be estimated by subtracting the exciton binding energy from the band gap, which agrees with our observations. Consequently, the blue shift in PL probably arises from the dielectric screening in this study. 6 indicates UPS spectrum of the polymeric thin film on Au. The highest occupied molecular orbital (HOMO) position relative to the vacuum level is estimated by linearly extrapolating the low and high binding energy side of the spectrum to the zero intensity base lines. The difference between the two energies is the maximum of the kinetic energy, E kin , of the emitted HOMO electrons at the surface of the polymeric thin film, so that HOMO energy is calculated from HOMO (eV) = E kin − 21.2 [34] , [35] .
Thus the HOMO energy of the polymeric thin film is estimated about −9.4 eV. Fig. 7 illustrates UV-Vis absorption spectrum of the polymeric thin film. The absorption onset is determined by linear extrapolation of the low energy edge of the UV-Vis absorption spectrum. The onset wavelength (λ onset ) is, therefore, observed about 378 nm in Fig. 7 . The optical band gap (E g ) is calculated using E g (eV) = 1240/λ onset [36] , [37] , here λ onset is the onset wavelength. Although the optical E g is smaller than the electronic E g because it does not take into account the exciton binding energy, the optical E g is generally used to estimate the difference between the HOMO energy and the lowest unoccupied molecular orbital (LUMO) energy [39] , [40] . Consequently, the optical E g of the polymeric thin film is estimated is about 3.28 eV. Accordingly, the LUMO energy of the polymeric thin film is estimated by using the HOMO and optical E g values so that the LUMO energy is about −6.12 eV. It indicates that the non-conjugated polymer can be used as a host material in optoelectronic applications.
Conclusion
Polymeric thin films prepared by the non-conjugated polymer with self-assembly nanoparticles have been spin-coated on ITO coated glass and Si substrates. The non-conjugated polymer is metal-free and low toxic. The TEM image has shown the existence of a size distribution of the self-assembly nanoparticles ranging between 1.6 to 6.2 nm. Furthermore, the polymeric thin film exhibits simultaneously both EWDP and SDP properties. The PL peak presents a red shift (∼11 nm) with increasing excitation wavelength from 266 to 325 nm. The EWDP may be attributed to the nanoparticle size distribution. On the other hand, the PL peak of the polymeric thin film on Si shows a blue shift (∼9 nm) compared with that on ITO. The SDP probably results from the dielectric screening in this study. Moreover, the HOMO energy of the polymeric thin film is about −9.4 eV. The optical E g is about 3.28 eV. The LUMO energy is about −6.12 eV. These results illustrate that the polymeric thin film with self-assembly nanoparticles is a promising candidate for PLED applications.
